Polymorphic nuclear gene sequences indicate a novel genome donor in the polyploid genus Thinopyrum.
For decades, the wheatgrass genus Thinopyrum has been of interest to plant breeders as a source of genes that confer competitive traits. This genus has been a considerable challenge to plant systematists because of the impacts of polyploidization on the evolution of this group. This study was aimed to augment existing cytogenetic data with a sequence-based investigation of the genomes of these species. Sequences of the internal transcribed spacer 1 (ITS1), introns 9 through 11 of the granule-bound starch synthase (GBSSI) gene and intron III of the beta-amylase gene (Bmy1) were isolated from the genomes of polyploid Thinopyrum species by PCR, cloning and sequencing and the evolutionary distances between these species and putative diploid ancestors were estimated with Kimura's two-parameter method. Phylogenetic analysis of these sequences largely agrees with what has been established through cytogenetic means for the Th. caespitosum (Koch) Liu & Wang and Ps geniculata (Trin.) Á. Löve, and suggests a contribution of the St genome of Ps. spicata (Pursh) Á. Löve to the tetraploids Th. scirpeum (Presl) Dewey and Th. junceiforme (Á. Löve & D. Löve) Á. Löve. A unique Bmy1 allele, divergent from other Triticeae but shared between Th. caespitosum, Th. intermedium (Host) Barkworth & Dewey, Th. junceum (L.) Á. Löve and Th. ponticum Barkworth & Dewey, implies a connection between these species. Distinct oligonucleotide polymorphisms and distance calculations based on the three loci implicate Crithopsis delileana (Schult.) Roshev. and Taeniatherum caput-medusae (L.) Nevski in the evolution of the hexaploid Th. intermedium and the decaploid Th. ponticum and also suggest a potential connection of these polyploids with Elytrigia repens (L.) Desv. ex Nevski. None of these species have been previously associated with the Thinopyrum genus. Allele-specific PCR was employed to detect the putative Crithopsis allele of ITS1 in a number of accessions. Real-time PCR indicates that two of six genomes of the hexaploid Th. intermedium have the Crithopsis-type ITS1 allele and that all ITS1 loci in the decaploid Th. ponticum are of this type. These results are supportive of the hypothesis that concerted evolution has homogenized the rDNA of Th. ponticum to the allele derived from the Crithopsis or Taeniatherum ancestor. Discovery of these novel alleles, with close homology to Ta. caput-medusae, may represent a fundamental change in the view of the evolution of Th. intermedium and Th. ponticum.